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It  is  well  known  that  the  random  velocity  field  produced  by 
wind  tunnel  turbulence  at  high  Reynolds  numbers  has  the  following 
statistical  structure:  Let  the  x  axis  be  directed  downstream  beyond 
the  grid  generating  the  turbulence  and  let  u  (x,y,z)  be  the  downstream 
component  of  the  random  velocity  field,  measured  at  any  point  of 
the  flow.   Then,  to  a  good  approximation,  u  (x,y, z)  is  a  normal 
random  variable,  i.e.,  the  velocity  field  is  quite  accurately 
univariate  normal.   If  the  field  were  bivariate  normal  as  well,  then 
writing  6u(r)  =  u  (x+r,y,z)  -  u  (x,y,z),  where  again  (x,y,z)  is  any 
point  of  the  flow,  we  would  expect  the  random  variable  6u(r)  to  be 
normal,  in  particular  to  have  a  skewness  7(r)  =  E  5u(r)    /|e  l6u(r)l  > 
equal  to  zero  and  a  flatness  0(r)  =  E  rSu(r) 1  /  JE  |5u(r) 1  i  equal 
to  three,  the  appropriate  values  for  a  normal  random  variable. 
What  is  actually  found  to  be  the  case  instead  is  that  7(r)  and  0(r) 
are  appreciably  different  from  zero  and  three,  respectively,  for 
values  of  r  such  that  the  correlation  function  f(r)=  Eu  (x+r,y,z) 
•  u  (x,y,z)/E  u  (x,y,z)   is  appreciably  different  from  zero.   For 
experimental  values  of  /(r)  and  0(r)  and  a  detailed  discussion  of  the 
statistical  structiire  of  turbiilence,  we  refer  to  the  last  chapter  of 
Batchelor's  monograph.  <-  J 

The  state  of  affairs  just  described  raises  the  following 


The  symbol  E  denotes  the  expectation  value  or  ensemble  average. 
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question:  Is  it  possible  by  suitably  choosing  the  shot  rate  and  the 
pulse  shape  to  construct  shot  noise  which  mimics  the  statistical 
structure  of  turbulence^  i.e.,  which  is  quite  accurately  univariate 
normal  but  exhibits  marked  departures  from  bivariate  normality  at 
close  ranges?  The  answer  is  in  the  affirmative,  as  we  shall  now 
show.   For  simplicity,  we  consider  first  the  case  of  a  one -dimensional 
random  process 

(1)       u(t)  =[/|  f^       P.s(t-t.)  -  c  l/^ 


stationary  Poisson  process  with  an  average  rate  of  p  events  per 
second.   The  p.  are  a  family  of  independent  random  variables,  all 
uniformly  distributed  over  the  unit  interval  (0,1).   The  centering 

00 

constant  c  is  chosen  to  be  -^  /  s(t)  dt,  which  assures  that  Eu(t)  =  0, 


2 
and  the  nomialization  is  such  that  Eu  (t)  is  independent  of  p  and  is 

oo 

in  fact  equal  to   /  s  (t)  dt.   (The  author  has  given  a  similar  construc- 

-00 

tion  elsewhere./- -I 

We  must  now  suitably  choose  the  p\ilse  shape  s(t)  and  the  rate 
p  so  that  the  random  variable  u(t)  is  quite  accurately  normal,  while 
for  small  t  the  difference  random  variable  u(t-i-T)  -  u(t),  in  particular 
u  (t)  =  du(t)/dt  corresponding  to  the  limit  t-*0,  is  quite  markedly 
non-normal.   To  achieve  this,  we  choose  s(t)  to  be  the  function 


The  parameter  t  is  fixed  but  arbitrary. 
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(2) 


Kt) 


t/2€    ,        0  <  t  <  26 
1        2e  <  t  <  a-e 
(a-t)/e,  a-e  <  t  <  a 
0      ,   a  <  t 


with  derivative 


s'(t) 


'  l/2e 
0 

-l/e 
0 


0  <  t  <  2e 
2e  <  t  <  a-e 
a-e  <  t  <  a 
a  <  t 


where  e  «  a  is  a  small  parameter  to  "be  adjusted  later.   Our  choice 
of  s(t)  is  motivated  by  the  fact  that  its  support  (a)  is  much  larger 
than  the  support  (je)  of  its  derivative;  the  significance  of  this  will 
emerge  presently.  We  have  also  arranged  to  give  u'(t)  a  negative 
skewness,  in  order  to  resemble  the  turbulent  velocity  field. 


We  now  use  the  fact  that  the  semi -invariants  \x^   of  u(t)  are 
given  by  the  formula 


f5^2 

^^n  =  py 


'"/ 


s"(t)  dt 


where  p  is  any  of  the  (3.  .'-  -'  In  our  case  Ep"^  =  -^^  ,    since  p  is 

uniformly  distributed  over  the  interval  (0,l);  the  Inclusion  of  the 

random  variables  p.  in  the  expression  (l)  Is  to  assure  that  the 

distributions  of  u(t)  and  u'(t)  contain  no  delta  function  terms.   In 

2 
view  of  the  relations  l^g  "  "^2'  ^5  "  "^5  ^^  ^]^"  ^h,  ~   ^2  ^^'^^^^'^  ^^^ 
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semi -invariants  la^  |i   and  |i,  and  the  central  moments  va.  ,   m  and 
we  find  that  the  skewness  of  u(t)  is  given  hy 

1^: 


'=7^72 


and  its  flatness  by 

For  the  case  of  the  pulse  shape  (2)^  we  find  that 


(a-2e)^/^      V^ 


5  +  ^   2_^  rsjj,  +  ±1^,    if  e  «a 


(a-2e)' 


so  that  for  small  e/a,  the  condition  -/pa  »  1  ass\ires  that  u(t)  is 
quite  accurately  normal.  '-   -I   On  the  other  hand^  differentiating  (l)^ 
we  see  that  the  univariate  distribution  of  the  process  u'(t)  is 
governed  by  the  semi -invariants 


i^f       Ep-  J    [s'(t)]-dt. 


with  corresponding  skewness 


^  /2p£^  /^ 
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and  flatness 

Examining  the  expressions  for  7,  0,  7'  and  0',  we  see  that  by 
satisfying  the  conditions  v^  »  1  and  \/pe  r~^l,   we  can  arrange  to  have 
simultaneously  a  quite  accurately  normal  distribution  of  u(t)  and  a 
markedly  non-normal  distribution  of  u'(t).  Moreover,  the  two  condi- 
tions \/pa  »  1  and  /pi  r-^  1  are  compatible,  provided  only  that  |/a/e  »  1. 
For  example,  if  a  =  1,  e  =  lO"  and  p  =  10  ,  we  have  7^0,  ^r^^, 
7'  ~-0.5  and  0'rs^  3.9- 

The  skewness  7(1:)  and  the  flatness  0(t)  of  the  difference 
u(t+T)  -  u(t)  can  be  calculated  in  Just  the  same  way  by  observing 
(following  a  suggestion  of  E.  N.  Gilbert)  that  the  process  u(t+T)  -  u(t) 
is  given  by  (l)  if  we  replace  s(t)  by  s(t+T)  -  s(t) .   It  is  found 
that  as  T-0,  7(1:)  and  0(t)  reduce  continuously  to  the  limiting  values 
7'  and  0',  and  that  as  T  approaches  the  correlation  distance  a  of  the 
process  u(t),  7(t)  and  0(1:)  approach  the  normal  values  of  zero 
and  three.   Thus  u(t)  resembles  the  turbulent  velocity  field  by 


The  correlation  function  of  u(t)  is 

CD 


00  /  ^" 

/   s(t+T)s(t)dt/  / 
o  /  -co 


5^(t)dt 


-00 

which  vanishes  for  T  >  a  •   The  function  7  (t)  undergoes  a  sign 
change  in  the  interval  (0,a). 
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having  a  markedly  non-normal  blvariate  distribution  at  close  ranges. 

Precisely  the  same  kind  of  construction  can  be  carried  out 
in  three  dimensions  by  replacing  the  random  times  t.  by  a  spatial 
Poisson  distribution  and  replacing  the  pulses  s(t)  by  three-dimensional 
"blobs".   For  example,  suppose  that 


u(x,y,z) 


J^Y.   Pi  s(x-x^)  s(y-y^)  s(z-z^)  -  c  /^ 


where  the  function  s  is  the  same  as  in  (2),  while  this  time  p  is  the 
volume  density  of  the  points  (x.,  y  ,  z  )  of  a  homogeneous  spatial 
Poisson  process  and  the  summation  is  over  all  the  "centers"  (x. ,  y.,  z.) 
For  each  point  (x. ,  y.,  z.),  p  is  an  independent  random  variable, 
uniformly  distributed  over  the  interval  (O, l).   The  centering  constant 

c  is  now -^  \   /   s(x)  dx  >  ^and  Eu(x,y,z)  =  0,  Eu  (x,y,z) 


r  2      r 

/   s  (x)dx  /   .   For  the  skewness  y   and  the  flatness  0  of  the 


random  variable  u(x,y, z),  we  now  have 

1.3         A         .      1.8 


7  ^^ 


Pytt  V 


while  for  the  skewness  7'  and  flatness  0'  of  the  random  variable 


^■:  r.  7 


^  u(x,y,z),  we  find 


3    1 


7'  ~  -  17  ^^   -  0. 


\ 


»^p^      >v^ 


^  3  .  ^^ 

P^a  e 


If  yp^       »   1  and  K  P-yO.  e  ~1,  the  random  field  u(x,y,z)  is  quite 
acciirately  univariate  normal  but  exhibits  marked  departures  from 
bivariate  normality  at  close  ranges.   These  two  conditions  are 
compatible,  provided  that  j/a/e   »  1,  as  before.   For  example,  if 
a  =  1,  e  =  10   and  p  =  10  ,  we  have  7  ro  0,  <p  r^^,      j'n^  -   0.5  and 


In  conclusion,  we  see  that  when  a  large  number  of  elementary 
waveforms  are  superimposed,  even  with  high  density  azid  considerable 
overlap,  there  is  no  reason  to  expect  a  priori,  in  the  absence  of 
detailed  information  about  the  shape  of  the  waveforms,  that  the  resulting 
process  is  accurately  normal. 


We  use  the  obvious  modifications  of  the  formulas  for  the  semi-invariants 

u.  and  u  ' . 
^n     ^n 
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Attn:  E.T.  Allen,  Library-  Supervisor 

BJorksten  Research  Labs,  Inc. 

P.  0.  Box  265 

Madison,  Wisconsin 

Attn:     Mrs.   Fern  B.   Korsgard 


Convair,   A  Divi 

Fort  Worth,   Texas 

Attn:      K.O.  Brown,    Division  Research 
Librarian 

Convair,   A  Division  of  General  Dynamics 

Corp. 
San  Diego  12,    California 
Attn:     Mrs.   Dora  B.  Burke, 

Engineering  Librarian 

Cornell  Aeronautical  Laboratory,    Inc. 
Uli$5  Genesee  Street 
Buffalo  21,   New  York 
Attn:     Ubrarlan 

Dalrao  Victor  Company 
A  Division  of  Textron,    Inc. 
1515  Industrial  Way 
Belmont,   California 
Attn:     Mary  Ellen  Addems, 
Technical  Librarian 

Dome  and  Margolin,    Inc. 
29  New  York  Avenue 
Westbury,   Long  Island,   N.  Y. 

Douglas  Aircraft  Company,    Inc. 

P.O.   Box  200 

Long  Beach  1,   California 

Attn:     Engineering  Library  (C-250) 

Douglas  Aircraft  Co.,    Inc. 
R27  Lapham  Street 
El  Segundo,   California 
Attn:     Engineering  Library 

Douglas  Aircraft  Company,    Inc. 
3000  Ocean  Park  Boulevard 
Santa  Monica,   California 
Attn:      P.T.  CUne 

Eq.  Sec.  Reference  Files, 

Eq.  Eng.  A250 

Douglas  Aircraft  Company,    Inc. 
2nno  North  Memorial  Drive 
Tulsa,   Oklahoma 
Attn:     Engineering  Library,   D-250 

Electronics  Communication,    Inc. 
1630  York  Road 
Timonium,   Maryland 

Emerson  and  Cuming,    Inc. 
P69  Washington  Street 
Canton,   Mass. 
Attn:     Mr.  W.  Cuming 

Qnerson  Electric  Mfg.   Co. 

8100  West  Florissant  Avenue 

St.   Louis  21,   Missouri 

Attn:     Mr.   E.R.   Breslin,   Librarian 

Sylvanla  Elec.    Prod.    Inc. 
Electronic  Defense  Laboratory 
P.O.  Box  205  -    (Unci) 
Mountain  View,    California 
Attn:     Library 

Falrchild  Aircraft  Division 
Falrchild  Eng.   and  Airplane  Corp. 
Hagerstown,   Maryland 
Attn:     Library 

Farnsworth  Electronics  Company 
3700  East  Pontiac  Street 
Fort  Wayne  1,    Indiana 
Attn:     Technical  Library 

Federal  Telecommunication  Labs. 
500  Washington  Avenue 
Nutley  10,    New  Jersey 
Attn:     Technical  Library 

The  Gabriel  Electronics 
Division  of  the  Gabriel  Company 
135  Crescent  Road 
Needhan  Heights  9U,   Mass. 
Attnt     Mr.   Steven  Galagan 


of  General  Dynamics       General  Electric  Advanced  Electronics  Center 
Cornell  Dniversity 
Ithaca,   New  York 
tni      J.   B.   Travis 


General  Electric  Company 

Electronics  Park 

Syracuse,  New  York 

Attn:  Documents  Library,  B.  Fletcher 

Building  3-lWA 

General  Precision  Laboratory,  Inc. 

63  Bedford  Road 

Pleasantvllle,  New  York 

Attn:  Mrs.  Mary  G.  Herbst,  Librarian 

Goodvear  Aircraft  Corp. 

1210  Massillon  Road 

Akron  15,   Ohio 

Attn:     Ubrary  D/120  Plant  A 

Granger  Associates 

Electronic  Systems 

966  Coimerclal  Street 

Palo  Alto,  California 

Attn:  John  V.  N.  Granger,  President 

Grumman  Aircraft  Engineering  Corporation 
Bethpage,  Long  Island,  N.  Y. 
Attn:  Mrs.  A.  M.  Gray,  Librarian 

Engineering  Library,  Plant  No.  5 

The  Hallicrafters  Company 

UUOl  West  5th  Avenue 

Chicago  2b,    Illinois 

Attn:     La  Verne  LaGioia,    Librarian 

Hoffman  Laboratories,  Inc. 
3761  South  Hill  Street 
Los  Angeles  7,  California 
Attn:  Engineering  Library 

Hughes  Aircraft  Company 
Antenna  Department 
Microwave  Laboratory 
Building  12,  Room  2617 
Culver  City,  California 
Attn:  M.  D.  Adcock 

Hughes  Aircraft  Company 
Florence  and  Teale  Streets 
Culver  City,  California 

Attn:  Dr.  L.C.  Van  Atta,  Associate  Director 
Research  Labs. 

Hycon  Eastern,  Inc. 
75  Cambridge  Parkway 
Cambridge,  Mass. 
Attn:  Mrs.  Lois  Seulowltz 
Technical  Librarian 

International  Business  Machines  Corp. 

Military  Products  Division 

590  Madison  Avenue 

New  York  33,  New  York 

Attn:  Mr.  C.F.  McElwaln,  General  Manager 

International  Business  Machines  Corp. 
Military  Products  Division 
Owego,  New  York 

Attn:  Mr.  D.  I.  Harr,  Librarian 
Department  hS9 

International  Resistance  Company 
UOl  N.  Broad  Street 
Philadelphia  8,  Pa. 
Attn:  Research  Library 

Jansky  and  Bailey,  Inc. 
1339  Wisconsin  Avenue,  N.  W. 
Washington  7,  D.  C. 
Attn:  Mr.  Delmer  C.  Porte 

Dr.  Henry  Jasik,  Consulting  Engineer 
298  Shames  Drive 
Brush  Hollow  Industrial  Park 
Westbury,  New  York 

Electromagnetic  Research  Corporation 
711  lljth  St«>eet,  N.  W. 
Washington  5,  D.  C. 


Lockheed  Aircraft  Corporation 

2?S5  N.    Hollywood  W«y 

California  Dl vision  Engineering  Library 

Department  72-75.    Plant  A-1,   Bldg.   63-1 

Pnrbank,   California 


Attn 


N.  C. 


The  Martin  Company 

P.  0.   Box  179 

Denrer  1,   Colorado 

Attn:     Mr.   Jack  McCormlck 

The  Olenn  L.  Martin  Company 
Baltimore  1,    Maryland 
Attni     Engineering  Library 
Antenna  Deelgti  Group 

Maryland  Electronic  Manufacturing  Corp. 
5009  Calvert  Road 
College  Park,    Maryland 
Attni     Mr.   H.   Warren  Cooper 

Mathematical   Reviews 
190  Hope  Street 
Providence 


Rhode  Island 


The  W.   L.  Maxscn  Corporation 

b60  West   Ibth  Street 

New  York,   N.  Y. 

Attn:     Miss  Dorothy  Clark 

McDonnell  Aircraft  Corporation 

Lambert  Saint-Louis  Municipal  Airport 

Box  516,    St.   Louis  3,    Missouri 

Attn;      R.   D.  D*trlch,    Engineering  Library 

McMillan  Uhoratory,    Inc. 

Brownvllle  Avenue 

Ipswich,   Massachusetts 

Attn:     Security  Officer,    Document  Room 

Melpar,    Inc.  (2) 

3000  Arlington  Boulevard 

Falls  Church,    Virginia 

Attn:     Engineering  Technical  Library 

Microwave  Development  Laboratory 
90  Broad  Street 
Babson  Park  57,   Massachusetts 
Attn!     N.  Tucker,    General  Manager 

Microwave  Radiation  Company  Inc. 

19223  South  Hamilton  Street 

Gardena,   California 

Attn:     Mr.   Morris  J.  Ehrlich,    Prfisident 

Chance  Tought  Aircraft,    Ino. 
9311i  West  Jefferson  Street 
Dallas,   Texas 
Attni     Mr.   H.   S.  White,   Librarian 

Northrop  Aircraft,    Inc. 
Hawthorne,    California 

Attni     Mr.  E.   A.  Freitas,   Ubrary  Dept311i5 
1001  E.  Broadway 

Remington  Rand  Dniv.  -  Division  of  Sperry 

Rand  Corporation 
1900  West  Allegheny  Avenue 
Philadelphia  29,    Pennsylvania 
Attn:     Mr.    John  F.   McCarthy 

R  and  D  Sales  and  Contracts 

North  American  Aviation,    Inc. 
1221U  Lakewood  Boulevard 
Downey,   California 
Attn:     Engineering  Library  U9S-11S 

North  American  Aviation,    Inc. 
Los  Angeles   International  Airport 
Los  Angeles  li5,   California 
Attn:     Engineering  Technical  File 

Page  Communications  Engineers,    Inc. 
710  Fourteenth  Street,    Northwest 
Washington  5,    D.   C. 
Attn:     Librarian 

Phllco  Corporation  Research  Division 

Branch  Library 

U700  Wissachlckon  Avemxe 

Philadelphia  UU,    Pa. 

Attn:     Mrs.  Dorothy  S.  Collins 


Pickard  and  Bums,    Inc. 

2l40  Highland  Avoraia 

Needhaa  9tj,   Masa. 

Attn:     Dr.    J.  T.   DeBettencourt 

Polytechnic  Research  and  Development 

Company,    Inc. 

202  Tillary  Street 

Brooklyn  1,  New  York 

Attn:  Technical  Library 

Radiation  Engineering  Laboratory 
Main  Street 
Maynard,  Mass. 
Attn:   Dr.  John  Rule 

Radiation,  Inc. 

P.  0.  Drawer  37 

Melbourne,  Florida 

Attn:  Technical  Library,  Mr.  M.L.  Cox 

Radio  Corp.  of  America 

RCA  Laboratories 

Rocky  Point,  New  York 

Attn:   P.  S.  Carter,  Lab.  Library 

RCA  Laboratories 
David  Sarnoff  Research  Center 
Princeton,  New  Jersey 
Attni  Miss  Fern  Cloak,  Librarian 
Research  Library 

Radio  Corporation  of  America 
Defense  Electronic  Products 
Building  10,  Floor  7 
Camden  2,  New  Jersey 
Attni  Mr.  Harold  J.  Schrader 

Staff  Engineer,  Organiiatlon 

of  Chief  Technical 

Admi  nistrator 

The  Ramo-Wooldrldge  Corporation 
P.O.  Box  b5li53  Airport  Station 
Los  Angeles  h$,    California 
Attn:  Margaret  C.  Whitnah, 
Chief  Librarian 

Hoover  Microwave  Co. 
9592  Baltimore  Avenue 
College  Park,  Harvland 


The  Rand  Corporation 

1700  Main  Street 

Santa  Monica,    California 

Rantec  Corporation 

Calabasas,   California 

Attn:      Grace  Keener,   Office  Manager 

Raytheon  Manufacturing  Company 
Missile  Systems  Division 
Bedford,   Mass. 
Attn:      Mr.    Irving  Goldstein 

Raytheon  Manufacturing  Company 
Wayland  Laboratory,    State  Road 
Wavland,    Mass. 
Attn:     Mr.   Robert  Borta 

Raytheon  Manufacturing  Company 
Wayland  Laboratory 
Wayland,    Mass. 

Attn:     Miss  Alice  0.  Anderson, 
Librarian 

Republic  Aviation  Corporation 
Farmingdale,    Long   Island,    N.  Y. 
Attn:     Engineering  Library 

Thru:     Air  Force  Plant  Representative 
Republic  Aviation  Corp. 
Farmingdale,   Long   Island,   N.T. 

Rheora  Maniifacturlng  Coopany 
9236  East  Hall  Road 
Downey,    California 
Attn:     J.  C.   Joerger 


Trans-Tech,    Inc. 
P.   0.  Box  3U6 
Frederick,    Maryland 


Rymn  Aeronautical  Company 
Lindbergh  Field 
San  Diego  12,   California 
Attni     Library  -  unclassified 

Sage  Laboratories 
159  Lirvlen  Street 
Wellesley  81,   Mass. 

Sanders  Asaociates 
95  Canal  Street 
Nashua,   New  Hampshire 
Attn:     N.   R.  Wild,   Library 

Sandia  Corporation,   Sandla  Base 

P.O.   Box  S^WO,   Albuquerque,    New  Mexico 

Attn:     Classified  Document  Division 

Sperry  Gyroscope  Coapany 

Great  Neck,  Long  Island,  New  York 

Attn:     Florence  W.  Tumbnll,   Engr.  Librarian 

Stanford  Research  Institute 

Menlo  Park,  California 

Attni     Library,   Engineering  Division 

Sylvanla  Electric  Products,    Inc. 
100  First  Avenue 
Waltham  9i,    Mass. 

Attni     Charles  A.  Thornhlll,   Report  Llbrarls 
Walthain  Laboratories  Library 

Systems  Laboratories  Corporation 
llifl52  Ventura  Boulevard 
Sherman  Oaks,   California 
Attn:     Donald  L.  Margenui 

THG,  Inc. 

17  Union  Square  West 

New  York  3,  N.  Y. 

Attn:     M.  L.   Henderson,   Librarian 

A.   S.  Thomas,    Inc. 

161  Devonshire  Street 

Boston  10,   Mass. 

Attni  A.  S.  Thomas,  President 

Bell  Telephone  Laboratories 
Murray  Hill 
New  Jorssy 

Chu  Associates 

".  0.  Box  387 
Whltcomb  Avenue 
Uttleton,  Mass. 


Raytheon  Manufacturing  Company 
Missile  Division 
Hartwell  Road 
Bedford,  Mass. 

Radio  Corporation  of  America 
Aviation  Systems  Laboratory 
225  Crescent  Street 
Waltham,  Mass. 

Lockheed  Aircraft  Corporation 
Missile  Systems  Division  Research  Library 
Box  50U,  Sunnyvale,  California 
Attn:   Miss  Eva  Lou  Robertson, 
Chief  Librarian 

The  Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
Attn:   Dr.  W.  C.  Hoffnan 

Commander 

AF  Office  of  Scientific  Research 

Air  Research  and  Devalopnient  Canand 

Ihth  Street  and  Constitution  Avenue 

Washington,  D.  C. 

Attn:     Mr.  Ottlng,   SRT 

Westinghouse  Electric  Corp. 
Electronics  Division 
Friendship  Int'l  Airport  Box  7li6 
Baltimore  3,   Maryland 
Attni     Engineering  Library 


WheelBr  Laboratories, 
122  Cotter  Mill  Road 
f",reat  Neck,  New  vork 


Zenith  Flaatios  Co. 
Box  91 

Gardena,  California 
Attn:  Mr.  S.  S.  Oleesky 

Library  Geophysical  Institute 
or  the  University  of  Alaska 
College 
Alaska 

University  of  California 

Berkeley  h,   California 

Attni  Dr.  Samuel  Silver, 

Prof.  Engineering  Science 
Division  of  Elec.  Eng.  Electronics 
Research  Lab. 

University  of  California 
Electronics  Research  Lab. 
332  Cory  Hall 
Berkeley  U,  California 
Attn:  J.  R.  Whinnery 

California  Institute  of  Technology 
Jet  Propulsion  Laboratory 
USno  Oak  Grove  Drive 
Pasadena,  California 
Attn:  Mr.  I.  E.  Newlan 

California  Institute  of  Technology 
1201  E.  Calif  omi  9  Street 
Pasadena,  California 
Attn:  Dr.  C.  Papas 


Correll  University 

School  of  Electrical  Engineering 

Ithaca,  New  York 

Attn:  Prof.  0.  C.  Daljnan 

University  of  Florida 

Department  of  Electrical  Engineering 

Cainesvllle,  Florida 

Attn:  Prof.  V.   H.  Latour,  Library 

LihT-ary 

Seorgia  Institute  of  Technology 

Engineering  Experinient   Station 

Atlanta,   Georgia 

Attn:     Mrs.   J.H.   Crosland,    Librarian 

Harvard  University 

Technical  Reports  Collection 

Gordon  McKay  Librarv,    303A  Fierce  Hall 

Oxford  Street,   Cambridge  3",   Mass. 

Attn:     Mrs.  E.L.  Hufschmidt,   Librarian 

Harvard  College  Observatory 
60  Garden  Street 
Cambridge  3',   Mass. 
Attn:     Dr.  Fred  L.  Whipple 

University  of  Illinois 
Documents  Division  Library 
Drbana,    Illinois 

University  of  Illinois 
College  of  Engineering 
Urbana,    Illinois 

Attn:     Dr.   P.  E.  Moyes,   Department  of 
Eleotrica],  Engineering 

Tie. Johns  Hopkins  University 
Homewood  Campus 
Department  of   Physics 
Baltimore  18,   Maryland 
Attn:     Dr.   Donald  E.  Kerr 

Sandia  Corporation 
Attn:     Organization  lli23 
Sandia  Base 
Albuouernue,    New  Mexico 


Applied  Physics  Laboratory 
The  JohflSHopkins  University 
8621  Georgia  Avenue 
Silver  Spring,   Maryland 
Attn:     Mr.    George  L.   Seielstad 

Massachusetts  Institute  of  Technologv 

Research  Laboratory  of  Electronics 

Room  20B-221 

Cajibridge  39,  Massachusetts 

Attn:  John  H.  Hewitt 

Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 

P.  0.  Box  73 

Lexington  73,  Mass. 

Attn:  Document  Room  A-229 

University  of  Michigan 
Electronic  Defense  Group 
Engineering  Research  Institute 
Ann  Arbor,  Michigan 
Attn:  J.  A.  Boyd,  Supervisor 

University  of  Michigan 
Engineering  Research  Institute 
Radiation  Laboratory 
Attn:  Prof.  K.  M.  Siegel 
912  N.  Main  St., 
Ann  Arbor,  Michigan 

University  of  Michigan 
Engineering  Research  Institute 
Willow  Run  Laboratories 
Willow  Run  Airport 
Ypsllantl,  Michigan 
Attn:  Librarian 

Vniversltv  of  Minnesota 

Minneapolis  It,  Minnesota 

Attn:  Mr.  Robert  H.  Stumm,  Library 

Northwestern  University 
Microwave  Laboratories 
Evanston,  Illinois 
Attn;  R.  E.  Bean 

Ohio  State  University  Research  Found. 
Ohio  State  University 
Columbus  10,  Ohio 
Attn:  Dr.  T.E.  Tice 

Dept.  of  Elec.  Engineering 

The  University  of  Oklahoma 
Research  Institute 
Norman,  Oklahoma 

Attn:  Prof.  C.  L.  Farrar,  Chairman 
Electrical  Engineering 

Polytechnic  Institute  of  Brooklyn 

Microwave  Research  Institute 

55  Johnson  Street 

Brooklyn,  New  York 

Attn:  Dr.  Arthur  A.  Oliner 

Polytechnic  Institute  of  Brooklyn 
Microwave  Research  Institute 
55  Johnson  Street 
Brooklyn,  New  York 
Attn:  Mr.  A.  E. 


Syracuse  University  Research  Institute 
Collendale  Campus 
Syracuse  10,  New  York 
Attn:  Dr.  C.  S.  Grove,  Jr. 

Director  of  Engineering  Research 

The  University  of  Texas 
Elec.  Engineering  Research  Laboratory 
P.  0.  Box  8026,  University  Station 
Austin  12,  Texas 
Attn:  Mr.  John  R.  Gerhardt 
Assistant  Director 

The  University  of  Texas 

Defense  Research  Laboratory 

Austin,  Texas 

Attn:  Claude  W.  Horton,  Physics  Llbrar 

University  of  Toronto 

Department  of  Electrical  Engineering 

Toronto,  Canada 

Attn:  Prof.  G.  Sinclair 


University  of  Washington 

Department  of  Electrical  Engineering 

Seattle  5,  Washington 

Attn:  G.  Held,  Associate  Professor 

Stanford  University 
Stanford,  California 
Attn:  Dr.  Chodorow 

Microwave  Laboratory 

Physical  Science  Laboratory 

New  Mexico  College  of  Agriculture 

and  Mechanic  Arts 

State  College,  New  Mexico 


Brown  University 
Department  of  Electrical  Engineering 
Providence,  Rhode  Island 
Attn;  Dr.  C.  M.  Angulo 

Case  Institute  of  Technology 

Cleveland,  Ohio 

Attn:  Prof.  S.  Seeley 

Columbia  University 

Department  of  Electrical  Engineering 

Momingside  Heights 

New  York,  N.  Y. 

«tn:  Dr.  Schlesinger 

HcGill  University 
Montreal,  Canada 
Attn:  Prof.  G.  A.  Woonton 

Director,  The  Eaton  Electronics 

Research  Lab. 

Purdiie  University 

Department  of  Electrical  Engineering 

Lafayette,  Indiana 

Attn:  Dr.  Schultz 

The  Pennsylvania  State  I'niversity 
Department  of  Electrical  Engineering 
University  Park,  Pennavlvania 

University  of  Pennsvlvania 

Institute  of  Cooperative  Research 

3L00  Walnut  Street 

Philadelphia,  Pennsylvania 

Attn:  Dept.  of  Electrical  Engineering 


University  of  Te 
Ferris  Hall 
W.  Cumberland  Avenue 
Knoxville  16,  Tennessee 

University  of  Wisconsin 
Department  of  Electrical  Engineering 
Madison,  Wisconsin 
Attn:  Dr.  Scheibe 

University  of  Seattle 

Department  of  Electrical  Engineering 

Seattle,  Washington 

Attn:  Dr.  D.  K.  Reynolds 


Wayne  University 
Detroit,  Michigan 
Attn:  Prof.  A.  F. 


Stev 


Electronics  Research  Laboratory 
Illinois  Institute  of  Technology 
3300  So.  Federal  Street 
Chicago  16,  Illinois 
Attn:  Dr.  Lester  C.  Peach 
Research  Engineer 

Advisory  Group  on  Electronic  Parts 

Room  103 

Moore  School  Building 

200  South  33rd  Street 

Philadelphia  U,  Pennsylvania 


Tonoaphere  Research  Laboratory 
Pennsylvania  State  College 
State  College,  Pennavlvanla 
ATTNi  Professor  A.  H.  Wamlck, 

Instltnte  of  Mathematical  Scien 
25  Waverly  Place 
New  Tork  3,  New  York 
ATTNi  Librarian 

Electronics  Division 

Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
ATTNi  Dr.  Robert  Kalaba 

National  Bureau  of  Standards 

Washington,  D.  C. 

ATTNi  Dr.  W.  K.   Saunders 

Applied  Mathematics  and  Statistirs  Lab, 

Stanford  tTnlverslty 

Stanford,  (illfomia 

ATTN:  Dr.  Albert  H.  Bowker 

Departrae'-.t  of  Physics  and  Astronomy 
Michigan  State  College 
East  Lansing,  Michigan 
ATTNi  Dr.  A.  Leltnsr 

Dnlversitv  of  Tennessee 
KnoxTllle,  Tennessee 

ATTN:  Dr.  Fred  A.  Flcken 

Lebanon  Valley  College 
Annvllle,  Pennsylvania 
ATTNi  Professor  B.H.  Bissinger 

General  Atomic 

P.  0.  Box  608 

San  Diego  12,   California 

ntn:      fir.    E<1ward  Oerjuoy 

Department  of  Physics 

Amherst  College 

Amherst,    Mass. 

ATTNi     Dr.  Arnold  Arons 

California  Institute  of     Technology 
1201  E.   California  Street 
Pasadena,   California 
ATTN:     Dr.   A.  Erdelyi 

Matheraatjrs  Department 

Stanford  University 
Stanford,  California 
A'TTNi     Dr.   Harold  Levlne 

Dniverslty  of  Minnesota 

Hinnpapolis  I'l,    Minnesota 

ATTNi     Professor  Paul  C.   Rosenhloom 

Department  of  Mathematics 

Stanford  TTniversity 

Stanford,   California 

ATTN:     Professor  Bernard  Epstein 

Applied  Physics  Laboratory 
The  Johi* Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring.    Maryland 
ATTN:     Dr.  B.   S.   Gonrary 

(2)Exohange  and  01ft  Division 
The  Library  of  Congress 
Washington  2?,    D.   C. 

Electrical  Engineering  Department 
Massachusetts  Institute  of  Technology 
Cambridge  39,   Mass. 
ATTNi     Dr.  L.   J.  Chu 

Nuclear  Developnent  Associates,    Inc. 

5  New  Street 

White  Plains,  New  York 

ATTNi  Ubrary 

California  Inatltute  of  Technology 
Electrical  Engineering 
Pasadena,  California 
ATTNi  Dr.  Zohrab  A.  Kaprlsllan 


Dr.  Rodnan  Doll 
311  W.  Cross  Street 
Tpsilanti,  Michigan 

California  Inst,  "f  Technology 
Pasadena,  California 
ATTN:  Mr.  Calvin  Wilcox 

(3)  Mr.  Robert  Brockhurst 

Woods  Hole  Oceanographlc  Instltnte 
Woods  Hole,  Mass. 

National  Bureau  of  Standards 
Boulder,  Colorado 
ATTN!  Dr.  R.  Oallet 

Dr.  Solomon  L.  Schwobel 

3689  Louis  Road 

Palo  Alto,  California 

University  of  Minnesota 
The  University  of  Library 
Minneapolis  Ih,   Minnesota 
ATTN:  Exchange  Division 

Department  of  Mathematics 
University  of  California 
Berkeley,  California 
ATTN:   Professor  Bernard  Friedman 

Lincoln  Laboratory 

Massachusetts  Institute  of  Technology 

P.  0.  Box  73 

Lexington  73,  Massachusetts 

ATTNi     Dr.   Shou  Chin  Wang,   Room  C-351 

Melpar,  Inc., 

3000  Arlington  Boulevard 

Falls  Church,  Virginia 

ATTN:  Mr.  K.  S.  Kelleher,  Section  Head 
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